We present observations of distant radio galaxies, undetected at 850µm and 1200µm but robustly detected at 70µm, confirming that they represent ultraluminous infrared galaxies (ULIRGs) with hotter dust temperatures (<T d >=52±10 K) than SMGs of similar luminosities. These galaxies share many properties with SMGs and local ULIRGs: ultra-violet (UV) spectra consistent with starbursts, high stellar masses and radio luminosities, and comparable AGN content. We can attribute their radio emission to star formation since high-resolution MERLIN radio maps show extended emission regions (∼8 kpc), which are unlikely to be generated by AGN activity. Detections in CO molecular gas provide further evidence of the vast gas reservoirs powering their starbursts. These observations have significant implications for future Herschel Space Observatory and SCUBA2 science through the prospect of detecting many hotter-dust ULIRGs that sit below current far-IR/submm detection limits. These galaxies may substantially increase the volume density of known ULIRGs at z∼2, change our view of galaxy evolution in high-luminosity systems, and give more clues to the ULIRGs' role in the AGN-Starburst connection.
Introduction
The most luminous starbursts in the Universe signal a rapid growth phase in galaxies. Submillimetre Galaxies (SMGs; < z >= 2.2) represent some of the best studied ultra-luminous starbursts, and they are likely building some of the most massive galaxies found at the present epoch. However it has been suggested that selecting z = 1 − 3 galaxies by their submillimetre emission is prone to finding specimens with colder average dust temperatures (e.g. Blain et al. 2004; Chapman et al. 2004) .
The far-IR part of the spectrum (8-1000µm) is dominated by the re-processed emission from dust and resembles a modified blackbody whose main variable is characteristic dust temperature, T d . At z∼2, the mean redshift of SMGs, submillimetre observations at 850µm sample the emission at a strongly sloped section of the blackbody, the Rayleigh-Jeans tail, where the flux is approximated as S 850 ≈ T −3.5 d for a given L F IR . A slight increase in temperature can correspond to the 850µm flux dropping beneath the submm confusion limit (∼2mJy for SCUBA ; Blain 1999) . Current submm instruments restrict study to those ULIRGs with cooler dust temperatures (T d <40 K) or the highest luminosities (L>10 13 L ⊙ ), potentially missing a substantial portion of the luminous starbursts at high redshift Eales et al. 2000; Chapman et al. 2004) .
At z∼2, many galaxies with hot dust are likely to exist but are difficult to detect and study as a population. The first observational effort to charac-1 2 C.M. Casey terize these "hotter ULIRGs" came in Chapman et al. (2004) , with a selection of submm-faint radio-selected galaxies with starburst optical/near-IR spectra, similar to SMGs. However, the lack of direct detections in the far-IR provided insufficient evidence of their high bolometric luminosity. In contrast, observations of local ULIRGs (e.g. IRAS 60µm starbursts; Levine et al. 1998) suggest that dust temperature can vary substantially in star forming systems, from 20K up to 100K. For a 10 13 L ⊙ local ULIRG, the expected mean dust temperature is 45K (Rieke et al. 2008) higher than 36K, the mean temperature of similar luminosity SMGs at z∼2. A handful of individual ULIRGs at high redshift have been found to have characteristic dust temperatures, around 50-80K (e.g. IRAS−10214, Cloverleaf, 15307, 08297), although they are exceptionally luminous in most cases, detected at both 70µm and 850µm or 1200µm wavelengths so not affected by the temperature-biased selection of submm surveys.
Here we present several examples of ULIRGs where observations suggest hotter dust temperatures, primarily by their detection in the deep 70µm Spitzer− M IP S maps. Throughout we use H 0 =70 km s −1 , Ω 0 =0.3 and Ω Λ =0.7.
Sample & Selection Bias
The galaxies discussed here were originally selected using the Chapman et al. (2004) optically faint radio galaxy selection, "OFRGs". They were detected in the ultra-deep radio maps of GOODS-N and Lockman Hole (S 1.4GHz >30µJy; Biggs & Ivison 2006 . Spectroscopic follow up with Keck LRIS revealed starburst spectral features Reddy et al. 2006 ), mostly at redshifts z > ∼ 1. There were 26 GOODS-N sources and 18 Lockman Hole galaxies selected by this radio/rest-UV spectra method (total 44). Their redshift distribution is similar to the redshift distribution of radio-selected SMGs. From the sample of 44 radio-selected galaxies, 5 out of 26 in GOODS-N and 3 out of 18 are detected at 70µm above 3σ in the Spitzer 70µm maps of GOODS-N and Lockman Hole. These 8 galaxies make up the sample we present here in detail. All sources were observed with the Multi-Element Radio Linked Interferometer Network (MERLIN; Thomasson 1986; Muxlow et al. 2005) , yielding high-resolution 0.3 ′′ (GOODS-N) or 0.5 ′′ (Lockman Hole) beam 1.4-GHz radio maps. None of the sources are detected at 1200µm (MAMBO; Greve et al. 2008) or 850µm (SCUBA; Borys et al. 2003) . Figure 1 (left panel) illustrates the different IR-luminous selection biases as functions of total far-IR luminosity and dust temperature, with flux limits of 0.5mJy at 70µm, 2mJy at 850µm, and 0.4mJy at 1200µm. We overplot sample populations selected using each method. SMGs are selected at 850µm, other ULIRGs at 1200µm, and our sample of galaxies at 70µm. Detection at 70µm is the only sufficiently deep far-IR wavelength for which detection is not restricted to lower dust temperature specimens.
We show the mean SED of the 70µm-detected sample in contrast to that of a mean SMG SED (with same redshift distribution) in Figure 1 (right panel). The SED shape through the far-IR wavelengths is shifted to higher or lower frequencies depending on a system's characteristic dust temperature; the high temperature galaxies have much higher flux densities at shorter wavelengths than longer wavelengths systematically. Depending on their luminosities, this might cause hot-dust galaxies to be bright at 70µm but fall below the detection z > 1 Hot-dust ULIRGs 3 Figure 1 . Left: Far-IR luminosity against dust temperature illustrates the temperature-biases of 70µm, 850µm and 1200µm with three data sets: our galaxies selected at 70µm (red diamonds), galaxies selected at 1200µm (green triangles) and at 850µm (blue crosses). The dashed lines (colored by selection wavelength) mark the lower luminosity detection boundary for a z = 1.5 source. 70µm is the only selection here which preferentially chooses hotter dust specimens. Right: Spectral Energy Distributions of SMGs (blue) in contrast to hot-dust ULIRGs (red). For subsamples with the same redshift distribution and luminosities, detection or non-detection at the far-IR points depends most prominently on dust temperature.
limits of SCUBA at 850µm or MAMBO at 1200µm. For colder-dust dominated galaxies the opposite holds; they are likely strongly detected at 850µm but undetected at 70µm. This agrees with observations: nearly all SMGs (>93%) are undetected <3σ at 70µm (Hainline et al., in prep) , and those that are have very high luminosities and are at low redshifts. In contrast, galaxies selected by our method (as submm-faint radio starburst galaxies) are far more likely to be detected at 70µm (30-50%).
Classification as Star Formers: Lack of AGN
These galaxies' rest-frame ultraviolet spectral features are consistent with starbursts and do not exhibit features of active nuclear activity. Their X-ray luminosities (we assume Γ=1.8) are less than 3×10 43 erg s −1 . These X-ray luminosities are consistent with star forming galaxies with little contribution from AGN (e.g. Alexander et al. 2005) . In addition, these galaxies are all relatively faint in the mid-IR with S 24µm <250µJy. Most exhibit strong stellar bumps around rest-1.6µm without AGN generated power law emission. As further support that these galaxies are dominated by star formation and not AGN, we use high-resolution MERLIN radio maps as seen in Figure 2 ). At z∼2, any AGN (<1 kpc) would be unresolved. However, each of these galaxies show extended emission regions on 8 kpc scales. Since these regions are extended and have morphologies inconsistent with radio jets and lobes, they are likely generated by high levels of star formation rather than AGN activity.
Comparison with other z∼2 Dusty Galaxies
Since the advent of Spitzer, the population of dusty galaxies studied at high redshift has grown substantially. Many of these galaxies are more bolometrically Figure 2 .
Left: Contours of MERLIN high-resolution 0.3" radio emission overlayed on optical imaging for the 8 70µm-detected hot-dust ULIRGs. The radio emission traces extended regions suggestive of star formation (on 8kpc scales). Right: Two sample hot-dust ULIRGs have been detected in CO molecular gas, observed at IRAM-PdBI. This confirms the existence of vast reservoirs of gas ∼10 8 M ⊙ which can fuel the strong starbursts, similar to SMGs.
luminous than typical UV-selected galaxies, and are therefore comparable to the luminosities of SMGs and these hot-dust ULIRGs. Spitzer selection often requires a bright 24µm flux density (S 24 > 100µJy), which many of the hot-dust ULIRG candidate sample ("OFRGs") do not satisfy (∼40% at S 24 <100µJy). A recent study by (Younger et al. 2008 ) presents 12 z ∼ 2 ULIRG galaxies in the EGS field, selected in the Spitzer-IRAC and M IP S bands, with characteristic dust temperature 41± 5 K, slightly higher than T d for SMGs. Although selected differently from our 8 hot-dust galaxies, their 12 galaxies are likely very similar systems but have high enough luminosities to be detected at 1200µm (implying 850µm flux densities 2-3mJy).
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Discussion
Like SMGs, the SFRs in these eight hot-dust ULIRGs are on average much higher than the majority of UV-selected star-forming galaxies at the same epoch. Due to their similarity with SMGs (in terms of stellar mass, UV-spectra, far-IR and radio luminosities), the hot-dust ULIRGs represent an extension of SMGs towards a wider range of dust temperatures at z∼2, similar to the already observed wide range in dust temperatures seen in local ULIRGs. We have shown that AGN contribute modestly to the far-IR luminosities. The detection of extended radio emission (∼8kpc scales) suggests spatially distributed star formation rather than a compact AGN. In addition, the UV-spectral properties and low X-ray luminosities are consistent with star formation.
The evidence presented here confirms the existence of ULIRGs with predominantly hotter dust than SMGs. Combining our hot-dust ULIRG population with the SMGs results in a sample of z ∼ 2 ULIRGs with less temperaturedependent bias. However, we have shown that searches for high redshift far-IR luminous galaxies are likely still somewhat incomplete. Herschel and SCU BA2 will help to understand this population more completely at z∼2. At redshifts z > 3, Herschel may be too confusion limited to search effectively for ULIRGs, and SCU BA2 will remain somewhat biased to colder sources, but deeper radio observations with E-MERLIN and E-VLA will allow this higher redshift ULIRG population to be explored more thoroughly.
